Background: Intravenous regional anesthesia (IVRA) is an ideal technique for short surgery on the distal extremities. Different additives have been used to improve lidocaine's block quality. Objective: The aim of this study was to determine the effect of adding dexamethasone to lidocaine on improving the quality of IVRA. Methods: This study is a prospective, double-blind randomized study which was done on patients with upper extremity injuries of the distal elbow in Shahid Mohammadi Hospital, Bandar Abbas from October 2014 to December 2015. A total of 110 patients aged 15 to 65 years, with ASA class I and II, with orthopedic injuries distal to the elbow, were randomly divided into two groups. The control group (L) and the intervention group (L+D) received a 40-ml solution of 3 mg/kg lidocaine, and 3 mg/kg lidocaine + 8 mg of dexamethasone respectively. The two groups were compared in terms of onset and recovery time of sensory block in each of the dermatome nerves classified as radial, ulnar, and median, vital signs, patient satisfaction, intraoperative opioid consumption, and request for the first postoperative opioid. Results: There was no significant difference between the two groups in terms of demographic characteristics. Mean arterial blood pressure was higher in the L + D group (100.39±14.6 mmHg) in comparison to the L group (90.50±11 mmHg) (p=0.002). Need for opioid was reported in 20 (35.7%) patients in the L + D group in comparison to 17 (31.5%) in the L group (p=0.639). The average intraoperative dose of fentanyl was 95±32.04 mcg and 88.44±18.77 mg in L + D and L groups respectively and there was no significant difference between the two groups in this respect (p=0.479). In addition, the average dose of pethidine administered in the recovery room for L + D group (19.34±15.22) mg was significantly higher than in the L group (9.44±12.26 mg) (p=0.001). Conclusions: Adding 8 mg dexamethasone to lidocaine has no effect on IVRA solution in upper extremity orthopedic operations and also increases postoperative opioid consumption.
Introduction

Background
Intravenous regional anesthesia (IVRA) or Biers block is an effective anesthetic technique used in upper and lower extremity surgeries. This method induces surgical anesthesia through intravenous injection of a local anesthetic (LA) substance in to a limb, the blood flow of which is blocked by a tourniquet. Lidocaine is the local anesthetic agent widely used for IVRA (1, 2) , and is the only anesthetic approved by the FDA for intravenous regional anesthesia. Lidocaine spreads widely, inducing a fast and robust regional anesthesia, the lower and higher concentrations of which, respectively affect nerve endings and the nerve trunks along with nerve endings (1) . However, generally three constraints have been described for IVRA: relatively slow onset of action, tourniquet pain, and lack of postoperative analgesia. For this reason, its use has been limited to short duration surgeries on distal extremities (3) (4) (5) . Other disadvantages of IVRA are, local anesthetic toxicity and post-tourniquet period of rapidly evolving pain, due to lack of postoperative analgesia (6).
Statement of problem
In order to achieve an ideal block quality, IVRA solution must create the following conditions: rapid onset of action, reduced dose of local anesthetic, reducing tourniquet pain, and long-lasting analgesic effect after tourniquet deflation (4, 7) . For the purpose of gaining these properties, different applications have been implicated, such as adding adjuvants including; nonsteroidal anti-inflammatory drugs, alpha 2 agonists, opioids, tramadol, ketamine, dexamethasone, nitroglycerin, butorphanol, muscle relaxing agents, neostigmine, magnesium, sodium bicarbonate, potassium, or other methods such as gabapentin pretreatment and changing local anesthetic (4, 8, 9) . Dexamethasone is a long-acting glucocorticoid, and induces anti-inflammatory and immune suppression effects. Although its mechanism of action is not fully understood as an adjuvant, it has been shown that it applies its anti-inflammatory and analgesic effects by inhibiting phospholipase A2 and activation of glucocorticoid receptors (10) . It reduces inflammation by stabilizing leukocyte lysosomal membrane, preventing macrophage accumulation in inflamed areas and reducing capillary wall permeability and edema formation (11). Akram et al. have shown in their study that adding dexamethasone and ketorolac to lidocaine increases the patients' tourniquet tolerance in forearm and hand surgeries (12) . Several other agents are used as an adjuvant therapy to lidocaine to improve its effect (13) (14) (15) (16) . Bigat et al. have reported that adding dexamethasone to lidocaine improves the quality of post-operative analgesia in patients who have undergone hand surgeries (14) . Also, Biradar et al. have reported earlier onset of blockade and longer duration of block by adding dexamethasone to lidocaine (17) . More studies are needed for determination of the effect of dexamethasone added to lidocaine and also its side effects in upper extremity surgeries.
Objectives
The aim of this study was to evaluate the effect of adding dexamethasone to lidocaine on the quality of Bier block in upper extremity orthopedic surgeries (distal to the elbow).
Material and Methods
Trial design
This study is a prospective, double-blind clinical interventional trial. The study population consisted of the 15-65 years old patients (in ASA class I and II, with upper extremity injuries of the distal elbow) who were referred to the orthopedic operating room of Shahid Mohammadi Hospital, Bandar Abbas from October 2014 to December 2015.
Participants and selection criteria
Inclusion criteria were: aged between 15 and 65 years and distal upper extremity orthopedic elbow injury. ASA class III and IV patients, as well as individuals with myasthenia gravis, scleroderma, Reynolds disease, sickle cell, diabetes mellitus, neuropathy, a history of sensitivity to lidocaine or dexamethasone and patients with extensive injury not suitable for Biers block and those who needed intra-operative general anesthesia due to adverse events during IVRA were excluded from the study. 
Research ethics
Sample size
Based on previous research (1) , an average increase of 3 minutes was expected in the duration of sensory block in cases of using dexamethasone, and the least sample size of 50 individuals were obtained in each group based on this expectation, and test power of 90% and the sample size formula used in clinical trials.
Randomization
Patients were assigned to two groups according to a block randomization table. In other words, all eligible patients were divided into lidocaine (L) or L + dexamethasone (L + D) groups based on their entry into the orthopedic operation room department of Shahid Mohammadi Hospital, Bandar Abbas (Figure 1 ). 
Outcomes
The primary outcomes of this study were; the onset and duration of sensory block, the level of patients' satisfaction, intraoperative opioid consumption, and request for the first postoperative opioid (after tourniquet deflation).
Interventions
Demographic variables of all studied patients were initially recorded and all patients underwent the monitoring (Vector Monitor device, Sazgan, Sazgan Gostar Co., Tehran, Iran) of ECG, noninvasive arterial blood pressure, pulse oximetry and heart rate. Baseline vital signs were recorded 5 and 20 minutes after tourniquet inflation, immediately after tourniquet deflation, and during the recovery room period. An intravenous cannula was inserted into the most distal part of the limb to be operated. Also, a separate intravenous cannula was inserted into the other upper limb for the infusion of fluids and injection of other medications. A double tourniquet (Rs3000, Raeen Sanat Co., Tehran, Iran) was fastened on a layer of cotton band, above the elbow of the intended limb. After draining the blood from the extremities by limb elevation and closing tightly with the rubber esmarch band from the fingertips to the elbow, the proximal cuff was inflated approximately 150mm Hg higher than the systolic blood pressure and lack of radial pulse was considered as a sign of sufficient tourniquet pressure. The IVRA local anesthetic solution containing 3 mg/kg lidocaine (2% Lidocaine ampule, Caspian Tamin Pharmaceutical Co., Rasht, Iran) was diluted to a volume of 40 ml using distilled water and injected slowly over 2 minutes. The intervention group received the above anesthetic solution along with 8mg dexamethasone (2 cc Dexamethasone ampule, Darou Pakhsh Pharmaceutical Co., Tehran, Iran). Intra and post-operative assessments and data documentation were carried out by an anesthesiology resident who was unaware of the categories and randomization of the groups. After the injection of the anesthetic solution, the sensory block was separately checked and recorded in the radial, ulnar and median nerve pathways (by pinprick test with needle gauge No. 22) every 30 seconds. In addition, all patients received 2 mg of intravenous midazolam. After the onset of tourniquet pain, the distal cuff that was placed on the numbed skin was inflated and the proximal cuff was deflated. Afterwards, 1 µ/kg fentanyl was administered intravenously in cases of continued pain and NRS above 3, and in the absence of pain relief, the same dose of fentanyl was administrated once again. Time and intake of intraoperative opioid was recorded. Patient satisfaction (13) was recorded as follows: 1-Excellent: No pain, 2-Good: Brief complaints without the need for medication, 3-Moderate pain and the need for analgesic adjuvant (1 µ/kg fentanyl IV), 4-The need for sedation: Intravenous dose of propofol sedation (25 to 75 µ/kg/minute) was administered to patients who still had discomfort after receiving 2 doses of fentanyl (1 µ/kg), and 5-The non-successful group that required general anesthesia due to failure in IVRA block and sedation (fentanyl and propofol) and was excluded from the study. Tourniquet pressure was deflated gradually, at least 25 minutes after injection of anesthetic solution. The duration of the surgical procedure was recorded in minutes. The sensory recovery time was recorded in the same way using pinprick with needle gauge No. 22 after deflating the cuff every 30 seconds. Throughout this process, patients were monitored for the occurrence of allergy symptoms and medication toxicity. The time of request for the first postoperative opioid was recorded (tourniquet cuff deflation until the request for the first postoperative opioid based on minutes). In cases of NRS score of more than 3, meperidine 25 mg (Pethidine 2 mL ampule, Caspian Tamin Pharmaceutical Co., Rasht, Iran) was initially injected intravenously and was repeated once again in cases of continued pain. (Each patient was monitored during the recovery for 1 hour).
Statistical analysis
All data were analyzed with IBM© SPSS© Statistics version 20 (IBM© Corp., Armonk, NY, USA). Descriptive statistics such as mean, standard deviation, frequency and relative frequency were used for descriptive data analysis. Statistical methods, including Independent samples t-test and chi-square test were used to compare the dependent variables in two groups. Significance level of 0.05 was considered significant in all comparative tests. KolmogorovSmirnov test was used to assess the normality of quantitative variables between the two groups in a way that if a quantitative variable in both groups was normally distributed, the Independent samples t-test was used, and if there was not such a case, the Mann-Whitney test was used.
Results
In this study, 128 patients were recruited and 112 patients were allocated to the two groups (Figure 1 ). Two individuals (both from L + D Group) were excluded, one due to severe and uncontrollable itching in the anesthetized limb and the other one due to anesthetic solution releasing out of a massive forearm wound. There were no significant differences between L and L + D groups in terms of demographic variables such as age, height, weight and BMI, as well as underlying variables such as gender, type of surgery and the ASA class and the surgery duration (Table 1 ). There was no significant difference between L and L + D groups in terms of systolic, diastolic blood pressure and mean arterial pressure base line, 5 and 20 minutes after the start of surgery and immediately after tourniquet deflation. But the mean arterial blood pressure during recovery was 100.39±14.60 mm Hg and 90.50±11.00 mm Hg in the intervention and control groups, respectively, which significantly had higher values (p=0.002) in the intervention group (L + D) (Figure 2 ). There was no significant difference between L and L + D groups in terms of average heart rate during surgery, 5 and 20 minutes after the start of surgery, and immediately after recovery and tourniquet deflation (Figure 3) . A total of 36 patients (64.3%) in the L + D Group did not receive intraoperative opioid, and 20 patients (35.7%) needed the opioid, compared to the L Group, 37 cases (68.5%) of which did not receive intraoperative opioid and 17 patients (31.5%) required intraoperative opioid. Also, there was no significant difference between the two groups in terms of the variable of number of individuals who needed the intraoperative opioid (opium requirement) (p=0.639). The average intraoperative dose of fentanyl was 95±32.04 mcg and 88.44±18.77 mg in L + D and L groups respectively, and there was no significant difference between the two groups in this respect (p=0.479). Average intraoperative patient satisfaction was 1.84±1.09 and 1.84±1.19 in the in L + D and L groups and there was no difference between the two groups in this regard. In this study, satisfaction level 1 (excellent) was 62.6%, which was higher than the other levels of overall satisfaction. Also, there was no significant difference between the two groups in terms of variable of levels of satisfaction (Table 2) . Onset time and recovery of sensory block in each nerve (radial, median, and ulnar) was comparable in both L + D and L groups and there was no significant difference between the two groups in this regard (Table 3 ). There was a significant difference between the two groups in terms of the need for postoperative opioid use (L + D) Group 64.3% vs. 31.5% in the L Group (p=0.001). In other words, the opioid drug was consumed more in the L+D Group during the recovery as compared with the L Group. In addition, the average dose of pethidine administered in the recovery room for L + D and L groups was 19.34±15.22 mg and 9.44±12.26 mg, respectively. Thus, mean dose of pethidine was significantly higher (p=0.001) in the L + D group than the control group. Moreover, there was no significant difference between the two groups in terms of the mean time of the request for the first postoperative opioid (L+D=12.94±6.92 minutes and L=16.19±13.70 minutes) (p=0.764). In this study, a total of 5 patients suffered from an itching complication in the L + D group and one of them were excluded from the study due to the severity of itching. Also, there was no significant difference between the two groups based on Fisher's exact test in this regard (p=0.118). 
Discussion
In this study, the onset of sensory block was separately evaluated and recorded for each of the radial, ulnar, and median nerves and there was no significant difference between the L+D and L groups in terms of mean onset and recovery time of sensory block variable in each of the three radial, ulnar and median nerves based on the statistical analysis. In line with our results, other studies showed no significant differences in terms of onset of sensory block (1, 14, 15) after adding dexamethasone to lidocaine. This finding also confirms our results on the lack of effect of dexamethasone on the onset of sensory block of radial, ulnar and median nerves. But a recent study, paradoxically showed that the median onset time of sensory block was significantly shorter in the L + D Group (2.69±1.13 minutes) compared with the L Group (4.02±1.13 minutes) (16) . In our study, onset of sensory block of each radial (0.77±1.41 minutes in L + D Group, and 1.01±1.53 minutes in L Group), ulnar (0.72±1.32 minutes in L + D Group, 1.01±1.68 minutes in L Group), and median (0.69±0.90 minutes in L + D Group, and 1.12±1.85 minutes in L Group) dermatomes were shorter compared with those obtained in the study of Hassani et al. (16) . However, it should be noted that although the sensory dermatomes of radial, ulnar and median nerves have been evaluated in all the studies mentioned above, the onset and recovery of sensory block of these nerves had not been recorded separately; thus, we could not find separate resources for each of the nerves. Therefore, this maybe the first study to record this variable for each nerve dermatome separately. Adding dexamethasone in to the local anesthetic solution can show a different effect in relation to the type of regional block for which it is used. In this regard, Biradar et al. (17) showed that the supraclavicular block in 1.5% lidocaine (7 mg/kg) + dexamethasone (2 mL=8 mg) Group was associated with a faster onset of action, contrary to our findings and those obtained in other studies in the field of Bier block (1, 14, 15) . Additionally, in the Biradar et al. study (17) , adrenaline was added to the anesthetic solution for supracalvicular block which is contraindicated for Bier's block, although, it has been shown that adrenaline has no effect on the onset of the blockade (18) . Furthermore, the present study showed that there is no significant difference between the two groups in terms of onset and recovery of sensory block for each radial, ulnar dermatomal region. In line with our results, Jankovic et al. (15) found no significant difference between groups in terms of mean time to recovery of sensory block. Paradoxically, in another similar study, Amin et al. (1) reported that the recovery time of sensory and motor block was prolonged in the intervention group who received 8 mg dexamethasone as an adjuvant to the IVRA anesthetic solution (1) . Similarly, Bigat et al. also reported that the sensory block recovery time was significantly prolonged in the intervention group who received 8 mg dexamethasone adjuvant to IVRA anesthetic solution compared with the lidocaine control group (14) . We found no other large study or meta-analysis on the recovery of sensory block after Bier block. However, a meta-analysis study that was carried out on 9 studies and 801 patients with brachial plexus block, which showed that the addition of dexamethasone to local anesthetics in peripheral brachial plexus block, significantly prolonged sensory and motor block (19) . The findings of the above studies (1, 14, 19) on the sensory block recovery variable, are inconsistent with the findings of the present study. In the present study, there was no significant difference between the two groups in terms of the satisfaction variable. We could not find any studies related to the patient satisfaction variable on dexamethasone lidocaine combination in IVRA. There was no significant difference between the two groups with regard to the number of patients who needed intra-operative opioids. Also, there was no significant difference between the two groups in terms of the dose of intraoperative opioid which is consistent with the study of Bigat et al., in which the intraoperative dose of systemic fentanyl used to relieve the tourniquet pain was similar between groups (14). However, Hassani et al. showed that the need for intraoperative fentanyl in the L+D Group is significantly lower than the control group (16). Our results also showed that there was no significant difference between the two groups in terms of time of the request for the first post-operative opioid (p=0.764). However, the average time of the request for the first postoperative opioid was 12.94± 6.92 minutes in the L+D Group, which is less than the same time in the control group (16.19±13 .70 minutes), but this difference was not statistically significant. Only one study which was conducted by Bigat et al. showed that the time of request for the first post-operative opioid was shorter in the L+D Group than the other groups (14) . The results of the present study showed that the number of individuals who needed the postoperative opioid as well as the drug dose was significantly increased (p=0.001) in the intervention group (L+D Group) than the control group (19.34±15.22 mg pethidine vs. 9.44±12.26 mg pethidine in L Group) which is inconsistent with the findings of other studies (1, 14, 16) . However, it is noteworthy that since the subjects had undergone outpatient surgery, they were monitored for only a short time (1 hour) during the recovery, therefore, it was impossible to prescribe the opioid at home and monitor its use. But most similar previous studies have calculated the mean opioid consumption in longer postoperative periods, which is perhaps one of the reasons for the inconsistency of our results with the mentioned studies (1, 14, 16) . Itching was the only complication observed in this study, in which 5 patients suffered from localized itching in injected limb distal to the tourniquet in the L+D Group, and only one of them was excluded due to severe itching. However, this complication was mild in 4 patients. None of the patients had this itching complication in the control group. This complication has not been reported in other studies which had used L+D for IVRA block limbs (1, 14, 16) . Non-invasive arterial blood pressure, systolic and diastolic pressure and mean arterial blood pressure were significantly higher in the L+D Group in postanesthesia care unit (PACU) than the control group. While there was no significant difference between the two groups in terms of this variable in other time points before PACU period. Higher blood pressure in the L+D Group can be attributed to dexamethasone side effects. This finding limits its use in anesthesia of the patients. Also, it should be considered that higher blood pressure in the L+D group may be due to ineffective blockade of the nerves, and does not support the use of dexamethasone in the addition of lidocaine for limb block. Noticeably, the heart rate variable did not show any significant difference between the two groups throughout the study period. Additionally, the hemodynamic parameters have not been studied in previous studies conducted on L+D for limb IVRA blockade, and it seems that measurement and the results of this study may be valuable with regard to the relationship between hemodynamic changes and the need for further opioid due to the possibility of more postoperative pain. Our trial had some limitations. We had not measured the quality of motor block in our study samples. It can be considered for future studies. We were also unable to consider long-term side effects of treatment. However, it seems that there is no long-term side effect for the patients but it should be considered in future studies. The effects of different dexamethasone and lidocaine doses were not observed in this study.
Conclusions
Generally, based on the findings and results of the present study, it seems that the addition of dexamethasone to lidocaine anesthetic solution of IVRA not only has no positive effect on the quality of Bier block, but also, it will lead to an increase in postoperative opioid consumption. We recommend not to add dexamethasone to lidocaine for Bier block. Future studies could focus on the use of other adjuvant treatments for lidocaine anesthesia for Bier block.
